We studied infestation rates and parasite-host associations between streblid flies and phyllostomid bats in an Atlantic Forest area of Rio de Janeiro state, southeastern Brazil. We captured 301 individuals from seven Phyllostomidae bat species. Out of that total, 69 bats had been parasitised by nine Streblidae species; the most frequent species were Trichobius joblingi and Trichobius tiptoni. The species Paraeuctenodes longipes, associated with Anoura geoffroyi, was the most frequent species. The highest mean intensity was observed for Paraeuctenodes longipes, associated with A. geoffroyi, and Paratrichobius longicrus associated with Artibeus lituratus, both ectoparasite species with a mean intensity of five individuals per bat. Trichobius joblingi exhibited the highest mean abundance, which was over three on its host species. Streblid richness in the study area was similar to the richness found in other studies carried out in the Atlantic Forest. We observed that streblid richness in this biome depends more on inherent characteristics of each physiognomy and on the host-species than on the sampling effort.
Introduction
Bats can be parasitised by over 600 species of arthropods belonging to the Siphonaptera, Diptera, Hemiptera, Dermaptera, and Acari (Marshall, 1982) . The order Diptera includes hematophagous species that belong to two families, Streblidae and Nycteribiidae, which are exclusive bat ectoparasites (Wenzel et al., 1966; Marshall, 1982) . Species of Streblidae have a cosmopolitan distribution and exhibit high species diversity in the New World; they are mainly associated with the bat family Phyllostomidae (Dittmar et al., 2006; Dick and Patterson, 2007) . In Brazil, 72 species are listed in this dipteran family (Eriksson et al., 2011; Graciolli and Azevedo, 2011; Graciolli and Dick, 2012) . These flies can be mobile, since 78% of the species have functional wings (Rui and Graciolli, 2005) . However, they are extremely adapted to parasitism and spend most of their lives on the body of their host, feeding continuously; or they remain in their host roosts, feeding during the inactivity periods of their host (Marshall, 1981) . Knowledge of bat flies biology and ecology can provide important information about the biology of their host, as well as a better understanding of the ecology and behaviour of bats in their roosts .
Studies on bat flies in Brazil comprise mainly taxonomic inventories, records of species occurrence in restricted areas (Graciolli and Rui, 2001; Graciolli and Linardi, 2002) or quantitative data on richness and abundance of streblids and nicteribiids (Komeno and Linhares, 1999; Bertola et al., 2005; Graciolli and Bianconi, 2007) , as well as infestation patterns (Rui and Graciolli, 2005; Santos et al., 2009; Esbérard et al., 2012) . Those studies were carried out in different states in all Brazilian regions, covering several biomes, though they still have many gaps. In the Atlantic Forest, most studies were concentrated in the southern region (Graciolli and Rui, 2001; Rui and Graciolli, 2005) .
In order to contribute to the knowledge of the distribution and host-parasite relationships of bat flies in southeastern Brazil, which are poorly known for the state of Rio de Janeiro, we studied a streblid fly assemblage associated with phyllostomid bats and its infestation rates in an Atlantic Forest fragment, using indexes of prevalence, mean intensity of infestation and mean abundance of infestation. Then we compared streblid richness found in the present study with richness from other localities assessed in studies carried out in different physiognomies of the Atlantic Forest.
Material and Methods
The Instituto Zoobotânico de Morro Azul (IZMA) is a private reserve, with 19 hectares of second-growth Atlantic Forest, located in the municipality of Engenheiro Paulo de Frontin, in Pau Ferro Mountain Range (22º29' S, 43º34' W), in the central-southern region of Rio de Janeiro State (Figure 1 ). Altitudes vary from 671 to 825 m a.s.l. The local vegetation is characterised as semideciduous forest and the climate is Cwa, according to Köppen's classification: mesothermal climate, with hot and rainy summers; January is the hottest month and July is the coldest. Annual average rainfall is 1,200 mm; October is the driest month and January is the rainiest (Furusawa and Cassino, 2006) .
Sampling was carried out from September 2007 to June 2009, totalling 16 nights of capture, carried out independently of moon phase. In each sampling night, ten mist nets were used: two 12-m nets, seven 9-m nets and one 5-m net, set up at ground level before sunset and kept open for 12 h (Esbérard and Bergallo, 2005) , totalling a sampling effort of 441,600 m 2 h (following Straube and Bianconi, 2002) . Nets were checked every 20 min.
The captured bats were identified in the field using identification keys from Emmons and Feer (1997) and Gardner (2008) , and descriptions from Reis et al. (2007) . Each specimen was placed separately in a numbered cloth bag. After observing the fur, wings and uropatagium of each bat, the ectoparasites were manually collected using entomological fine-tipped tweezers; the cloth bags used for bat contention were also checked for the presence of streblids, and they were not reused in the same night. After the examination and removal of ectoparasites, two external measurements of bats were taken, forearm length (mm) and body mass (g), and then bats were released at their place of capture. Those bats that could not be identified in the field were fixed in alcohol 70º GL and were, together with their ectoparasites, deposited in Adriano Lúcio Peracchi Collection (ALP), in the Institute of Biology, Universidade Federal Rural do Rio de Janeiro (UFRRJ).
Ectoparasites were individually stored in labelled vials containing alcohol 70°GL and were posteriorly identified in the laboratory following Wenzel et al. (1966) , Wenzel (1976) , Guerrero (1993 Guerrero ( , 1994a Guerrero ( , 1994b Guerrero ( , 1995a Guerrero ( , 1995b Guerrero ( , 1996 and Graciolli and Carvalho (2001) , under a stereoscopic microscope.
Bat taxonomy followed Gardner (2008) ; for ectoparasitic flies we followed Guerrero (1997) .
The following parasitological indexes were calculated following Bush et al. (1997) : prevalence (number of infested bats/number of examined bats), mean intensity (number of ectoparasites/number of infested bats) and mean abundance (number of ectoparasites/number of ex- amined bats). We assessed the confidence interval for the prevalence and mean abundance values at 95%. Analyses were carried out for all bat species in the program Quantitative Parasitology 3.0 (Rózsa et al., 2000) .
To calculate streblid richness, Margalef's index was used, with the formula a = (S-1)/lnN, where S is the number of species sampled, N is the total number of individuals found in the sample, and lnN is the Neperian logarithm of N (Melo, 2008) . For this analysis we used the statistical package PAST 1.92 (Hammer et al., 2006) with Bootstrap of 95% IC.
The expected richness of streblids was estimated with Chao 1 index (Chao, 1984) , with the formula: SChao = S obs + (a 2 /2b), where S obs is the number of species observed, a is the number of species observed only once and b is the number of species observed twice. We used the statistical package SPADE for those calculations (Chao and Shen, 2009) .
Richness index and richness estimate (Chao 1) were also calculated for four published studies on assemblages of ectoparasitic flies of the family Streblidae carried out in the Atlantic Forest, in different parts of Brazil, at the sites: Morro do Elefante (ME), state of Rio Grande do Sul (Camilotti et al., 2010) ; Fundação Estadual de Pesquisa Agropecuária (FEPAGRO), Unidade de Maquiné, state of Rio Grande do Sul (Rui and Graciolli, 2005) ; Parque Estadual da Cantareira (PEC), state of São Paulo (Bertola et al., 2005) ; Parque Estadual do Rio Doce (PERD), state of Minas Gerais (Azevedo and Linardi, 2002) . The choice of these published studies was due to their approach using quantitative data on richness and abundance of streblids of phyllostomid bats in the Atlantic Forest. We considered only records with identification to species.
Results
We captured 301 bats of seven species, belonging to five phyllostomid genera. The most frequent species were Carollia perspicillata (Linnaeus, 1758) (65% of all bats captured) and Anoura caudifer (E. Geoffroy, 1818) (15%) ( Table 1) . Out of the individuals captured in IZMA, only 69 were parasitised, totalling nine species of bat flies, belonging to six Streblidae genera; the most captured species were Trichobius joblingi Wenzel, 1966 (57% of all individuals sampled) and Trichobius tiptoni (Wenzel, 1976 ) (13%) ( Table 1) .
Some streblid species were found parasitising more than one bat species (Table 1) . Trichobius joblingi was found associated with A. caudifer, C. perspicillata and Glossophaga soricina (Pallas, 1766) . Megistopoda aranea (Coquillett, 1899) was associated with Artibeus fimbriatus Gray, 1838 and Artibeus lituratus (Olfers, 1818) . Paraeuctenodes longipes Pessôa and Guimarães, 1936 was associated with Anoura geoffroyi Gray, 1838 and C. perspicillata. We found up to three different streblid species parasitising a single host, as observed in C. perspicillata and A. lituratus.
The total prevalence was approximately 23%, and the prevalence of each species varied from 1.01 to 33.34% (13.32 ± 8.99). Paraeuctenodes longipes, associated with A. geoffroyi, was the most prevalent species, and P. longipes, associated with C. perspicillata, was the least prevalent. The total mean intensity of infestation was 1.83 and values for each species varied from 1.00 to 5.00 (1.94 ± 1.44). The highest mean intensity of infestation was observed in P. longipes associated with A. geoffroyi, and Paratrichobius longicrus (Miranda Ribeiro, 1907) associated with A. lituratus, both with five ectoparasites per bat on average. The lowest values were observed in T. joblingi parasitising A. caudifer, Aspidoptera phyllostomatis (Perty, 1833) and M. aranea parasitising A. lituratus, Strebla guajiro (García and Casal, 1965) and P. longipes parasitising C. perspicillata, T. joblingi parasitising G. soricina and Megistopoda proxima (Séguy, 1926) parasitising Sturnira lilium (E. Geoffroy, 1810), all with one ectoparasite per host on average. Trichobius joblingi exhibited the highest mean abundance of infestation; it was over 3.00 on its host species; the least abundant species was P. longipes parasitising C. perspicillata (Table 1) .
Margalef's index (a) was 1.447, which was only lower than in the Parque Estadual da Cantareira (PEC) ( Table 2 ). The location that exhibited the lowest value was Morro do Elefante (ME), in the state of Rio Grande do Sul (0.5422). The total number of streblid species estimated for IZMA with Chao 1 index was equivalent to the number of species observed (Nobs = 9). Similar results were obtained in other localities of the Atlantic Forest, in southern and southeastern Brazil (Table 2 ).
Discussion
The richness of phyllostomid bats found in the present study is similar to the richness found in other studies carried out in Atlantic Forest fragments in the state of Rio de Janeiro (Baptista and Mello, 2001; Esbérard, 2003) , in which C. perspicillata exhibits high capture frequency (Dias and Peracchi, 2008; Luz et al., 2011) , and most species recorded exhibit broad geographical distribution in Brazil (Reis et al., 2007) .
The species richness of streblids obtained in the present study (nine species from five genera) is similar to values observed in studies carried out in other Brazilian physiognomies with different sampling efforts. In remnants of seasonal semi-deciduous submontane forest with cerrado influence, in the state of Paraná (Anderson and Ortêncio-Filho, 2006) , six species from five genera were recorded with a similar sampling effort. In woodland and mangrove areas in the state of Maranhão, Santos et al. (2009) obtained a richness of 15 species from eight genera, with 36 h of sampling effort. Sampling effort is one of the criteria used to compare richness between localities, but in these studies on ectoparasitic flies it is remarkable that those differences depend more on other characteristics inherent to each physiognomy and on the host-species than on sampling effort. All species found in IZMA were already recorded for Brazil in different regions such as the Mid-Western (Graciolli and Aguiar, 2002; Graciolli et al., 2006a) , southern (Rui and Graciolli, 2005; Graciolli and Bianconi, 2007; Silva and Ortêncio-Filho, 2011 ) and northeast of the country Dias et al., 2009 ). Among the nine streblid species recorded in the present study, just P. longipes was not even recorded in the Atlantic Forest of southeastern Brazil (Azevedo and Linardi, 2002; Bertola et al., 2005; Graciolli et al., 2006b) .
The most frequently collected Streblidae species, T. joblingi, is very abundant in southeastern Brazil (Komeno and Linhares, 1999; Azevedo and Linardi, 2002) , whereas in southern Brazil, many inventories (Graciolli and Rui, 2001; Rui and Graciolli, 2005; Camilotti, 2010) point to this streblid species as less abundant in the region. The association of T. joblingi with more than one host species was also recorded in several studies (Graciolli and Bernard, 2002; Bertola et al., 2005; Dias et al., 2009; Santos et al., 2009) . Although this fly species is a primary ectoparasite of C. perspicillata, T. joblingi can be found on many other bat species (Guerrero, 1995a) . However, these records may have their occurrences considered accidental. The non-primary host-parasite relationship may result from human influence or error (inadequate collection methods or the proximity of shelters used by different species of bats) (Graciolli and Carvalho, 2001; Dick, 2007) .
Carollia perspicillata has a broad geographical distribution from Mexico to Paraguay (Gardner, 2008) ; it has been recorded in 26 states, in all regions of Brazil (Peracchi et al., 2010) . However, C. perspicillata has lower capture frequency in southern Brazil (Reis et al., 2007) ; as the distribution of T. joblingi follows the distribution of its host, this is probably why the abundance of this fly is low in southern Brazil (Prevedello et al., 2005) .
The association between M. aranea and A. fimbriatus and A. lituratus had been already recorded for southeastern Brazil (Bertola et al., 2005) . Although this species is considered as a primary parasite of A. planirostris and A. fimbriatus in South America and is found with higher frequency on Artibeus species; M. aranea could be found on other phyllostomid bats, and its presence, in this case, could be a contamination or a transition to the definitive host (Autinoet al.,1992; Komeno and Linhares, 1999) . Paraeuctenodes longipes, which exhibits as its primary host A. caudifer, was recorded parasitising A. geoffroyi and C. perspicillata for the first time in southeastern Brazil. This streblid species can be found on other hosts (Graciolli and Carvalho, 2001) , but the associations found may result from co-habitation between host species (Trajano and Gnaspini-Netto, 1991) or from the low frequency of capture of A. caudifer in IZMA. Aspidoptera phyllostomatis has already been recorded for southeastern Brazil, though associated with S. lilium in an occurrence classified as accidental (Graciolli et al., 2006b) , since this streblid is usually found on Artibeus species. However, there are records of A. phyllostomatis on species of the genus Sturnira in Argentina (Autino et al., 2009 ).
Concerning host-parasite relationships, the total prevalence of bat ectoparasites was higher than the values of 20% observed in the state of Rio Grande de Sul (Rui and Graciolli, 2005) and 19% in Paraná (Anderson and Ortêncio-Filho, 2006) , and lower than the values of 32% recorded by Santos et al. (2009) and of 36% recorded by Bertola et al. (2005) . Paraeuctenodes longipes exhibited the highest prevalence on A. geoffroyi and the lowest prevalence on C. perspicillata (Table 1) , due to the proportion of bats collected in relation to the bats infested by this streblid species (Graciolli and Carvalho, 2001) . The total mean intensity in IZMA was lower than the one observed by Santos et al. (2009) , on average four streblids (Chao 1) in studies on ectoparasitic flies carried out in the Atlantic Forest of southern and southeastern Brazil. UF = Unit of Federation; Nobs: number of species observed; N: number of individuals; CI: confidence interval; HS: number of host species; SE: calculated sampling effort (Straube and Bianconi 2002) . a: data not available in the literature; b: the software used did not calculate the value of Chao (1) (Azevedo and Linardi, 2002) . PEC/DOF = Parque Estadual da Cantareira /Dense Ombrophylous Forest (Atlantic Forest) (Bertola et al., 2005) . FEPAGRO/C-DOF = Fundação Estadual de Pesquisa Agropecuária/ Campos of south Brazil (Atlantic Forest) (Rui and Graciolli, 2005) . ME/DF = Morro do Elefante /Deciduous Forest (Camilotti et al., 2010) .
per infested bat. The highest mean intensities were observed for P. longipes parasitising A. geoffroyi, which had not been recorded before in taxonomic inventories or in infestation analyses (Azevedo and Linardi, 2002; Komeno and Linhares, 1999; Bertola et al., 2005; Rui and Graciolli, 2005; Graciolli et al., 2006b; Graciolli and Aguiar, 2002; Dias et al., 2009; Silva and Ortêncio-Filho, 2011) . The mean abundance calculated in the present study was higher than the values observed by Komeno and Linhares (1999) in the state of Minas Gerais (1.4) and by Bertola et al. (2005) in the state of São Paulo (1.24). This result suggests higher infestation by ectoparasitic flies in bat populations of Rio de Janeiro compared with other states in southeastern Brazil. The differences in the host-parasite relationships in IZMA compared with other localities can result from environmental characteristics, such as climatic conditions, physiognomy and altitude (Krasnov et al., 2005; Vinarski et al., 2007) , which influence species richness and the type of roost used (Rui and Graciolli, 2005) , ultimately affecting the composition of the bat fly assemblage in the region. Margalef's index exhibited values below 2 in the studies carried out by Azevedo and Linardi (2002) , Rui and Graciolli (2005) and Camilotti et al. (2010) , as well as in the present study (Table 2 ). This could be explained by the predominance of some streblid species in detriment of other less frequent ones. Those low values are common in poorly preserved localities where human activity is high; that is not the case of the localities analysed, most of which were well preserved. However, species richness in IZMA was higher than in FEPAGRO (Rui and Graciolli, 2005) , an area also covered by dense rainforest, with second-growth forest in different stages of succession. FEPAGRO is inserted in Maquiné Valley, state of Rio Grande do Sul, which has flat and fertile areas for agriculture. Human activity can justify the low species richness of streblids.
In Morro do Elefante the low richness found is justified by the very low annual average temperature (minimum of 9.3°C) and by the type of vegetation, in which bat richness is usually lower than in the Atlantic Forest of southern Brazil (Weber, 2009) . Through the richness estimator Chao 1 calculated for the streblid assemblages in the Atlantic Forest (Table 2) , it was possible to observe that in some localities the expected richness is similar to the observed richness, despite differences in sampling effort among inventories. For a deeper analysis it is important to consider also the number of sites sampled in each locality, as higher sampling effort leads to higher capture efficiency and consequently enables a better sampling of the richness of the region (Esbérard, 2006) .
The present study described the richness and abundance of bat flies in an Atlantic Forest fragment, aiming to contribute in the advancement of knowledge on the distribution of ectoparasitic fly species and their associations with bats in the Atlantic Forest of southeastern Brazil and, in particular, of the state of Rio de Janeiro, where there is a huge need for studies. Additional studies in other localities are needed to properly document the assemblages of dipteran ectoparasites of bats and to provide a better understanding of the structure of those parasitic communities and of the relationships between ectoparasites and their hosts.
